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Brief Summary Text (10) : 

In such a case, the controlled torque of the first motor and the generated torque 
of the engine interfere with each other, and continued torque control will cause an 
excessive rise in the engine rpm by the torque of the first motor. This will 
consequently cause the engine rpm to overshoot at the completion of the startup, 
leading to uncomfortable startup. In addition, more electric energy than necessary 
will be drawn out of the electricity storing unit in order to generate the torque 
at the first motor, resulting in deteriorated energy efficiency. The problem can be 
controlled to a minimum if the complete explosion at the time of engine startup can 
be accurately detected and the engine can be properly controlled according to the 
startup state. In other words, a failure to accurately detect complete explosion 
will make the problem worse. 

Brief Summary Text (18) : 

In addition, according to the invention set forth in claim 4, a charge state 
detecting means detects overcharge or overdischarge of an electricity storing means 
due to a control error or the like during driving, and at least one of the 
following corrections is made so as to eliminate the energy going into or out of 
the electricity storing unit: the vehicle driving torque command value is corrected 
according to the charge state of the electricity storing means, the vehicle driving 
power demand value supplied to the engine controller is corrected, or the engine 
rpm command value received from the engine controller is corrected. Hence, the 
weight of the mounted electricity storing unit can be controlled to a minimum, 
permitting a reduced weight of the vehicle and higher system efficiency. Moreover, 
since there will be no overcharge or overdischarge of the electricity storing 
means, there will be no malfunction of the traveling vehicle, meaning that 
efficient driving is always ensured as long as engine fuel is supplied. 

Brief Summary Text (19): 

According to the system set forth in claim 5, a terminal voltage VB of the 
electricity storing means is detected, and at least one of the following 
corrections is made so as to maintain the terminal voltage of the electricity 
storing means at a predetermined voltage: the vehicle driving torque command value 
is corrected, the engine rpm command value supplied to the engine controller is 
corrected, or the engine rpm command value received from the engine controller is 
corrected. Hence, the transient flow of energy into or out of the electricity 
storing unit can be controlled to a minimum and the steady flow of energy into or 
out of the electricity storing unit can be eliminated, enabling the weight of the 
mounted electricity storing unit to be controlled to a minimum and the weight of 
the vehicle to be accordingly reduced with resultant higher system efficiency. 
Moreover, since there will be no overcharge or overdischarge of the electricity 
storing means, there will be no malfunction of the traveling vehicle, meaning that 
efficient driving is always ensured as long as engine fuel is supplied. 
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Brief Summary Text (21) : 

Further, according to the system set forth in claim 7, a temperature detector 
detects the temperature of or in the vicinity of the electricity storing means, and 
the terminal voltage VB of the electricity storing means is corrected according to 
the detected temperature. This makes it possible to prevent the overcharge of the 
electricity storing means when the temperature is low or to prevent the 
overdischarge thereof when the temperature is high, thus preventing deterioration 
in the performance of the electricity storing unit. 

Drawing Description Text (72): 

FIG. 64 is a flowchart illustrative of a system state detecting program implemented 
by the hybrid controller; 

Detailed Description Text (4 ) : 

The system shown in the drawing is further equipped with the following group of 
sensors. Specifically, an accelerator pedal, not shown, which is operated by a 
driver is provided with a publicly known accelerator sensor 7. The sensor 7 issues 
an accelerator lift signal, which corresponds to the depression of the accelerator 
pedal, in terms of a voltage signal. A brake pedal, not shown, which is operated by 
the driver is provided with a publicly known brake sensor 8. The brake sensor 8 
issues a brake signal, which corresponds to the depression of the brake pedal, in 
terms of an ON/OFF signal. A shift switch 9 detects a plurality of shift positions; 
in this embodiment, it outputs in parallel shift signals such as parking (P), 
reverse (R) , neutral (N) , and drive (D) in terms of ON/OFF signals. A start switch 
10 is built in a publicly known iG key switch which is not shown; it issues ON/OFF 
signals corresponding to the presence or absence of start. 

Detailed Description Text ( 9) : 

Further in this control system, a current detector 17 serving as a charge state 
detecting means is provided between the inverter 14 and the electricity storing 
unit 15. the current detector 17 detects the current flowing through the 
electricity storing unit 15 and transmits the detection result to the inverter 14. 

Detailed Description Text (14): 

Reference numerals 2911 and 2912 denote rotation sensors composed of publicly known 
resolvers; they detect rotational positions .theta.l and . theta.2 and rpms Nml and 
Nm2 of the first rotor 2010 and the second rotor 2310, respectively, as the 
revolution information on the first rotary electric unit 2000 and the second rotary 
electric unit 3000, using the stator 3010 as the reference. Reference numeral 1730 
denotes a cover case which houses the brush holder 2610 and the rotation sensor 
2911. 

Detailed Description Text (16): 

In FIG. 3, reference numeral 1301 indicates a revolution detector of the engine 1. 
The revolution detector is publicly known although the details thereof are not 
illustrated; it issues 12 pulses of angular signal and 1 pulse of reference signal 
each time a crankshaft, not shown, of the engine 1 makes one turn. Reference 
numeral 1302 indicates a publicly known intake air volume sensor; although the 
details thereof are not illustrated, the intake air volume sensor is provided on 
the inlet pipe 3, and the vane opening thereof changes according to the volume of 
air taken into the engine 1. The changes in the vane opening are detected by a 
potentiometer, and the volume of air introduced into the engine 1 is detected in 
terms of an air volume signal indicative of the volume per unit time. 

Detailed Description Text (17): 

Reference numeral 1303 denotes a publicly known thermistor type cooling water 
temperature sensor which is mounted on the engine 1; it detects the temperature of 
the cooling water of the engine 1 as resistance and outputs a cooling water 
temperature signal. Reference numeral 1304 indicates a publicly known thermistor 
type intake air temperature sensor; it is provided on the intake air volume sensor 
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1302 and it detects the temperature of the air taken into the engine 1 as 
resistance and issues the detection result in terms of an intake air temperature 
signal. Reference numeral 1305 denotes a publicly known air-fuel ratio sensor which 
is provided on an exhaust pipe assembly (not shown) of the engine 1; it issues the 
air-fuel ratio of exhaust in terms of voltage as an air-fuel ratio signal. The 
signals of these sensors and the start signal of the start switch 10 are connected 
to the engine controller 13. Reference numeral 1306 indicates a control unit having 
the same configuration as that of a publicly known engine controller; it is 
constituted primarily by a microcomputer and the driving circuit of the fuel 
injection solenoid valve 4, and it generates a valve opening signal for the fuel 
injection solenoid valve 4 in accordance with the angle signal and reference signal 
of the engine rpm detector 1301, the air volume signal of the intake air volume 
sensor 1302, the cooling water temperature signal of the cooling water temperature 
sensor 1303, the intake air temperature signal of the intake air temperature sensor 
1304, and the air-fuel ratio signal of the air-fuel ratio sensor 1305. Reference 
numeral 1307 denotes a communication circuit; it is, for instance, a publicly known 
circuit which permits a start-stop synchronization communication, and it is 
connected to the control unit 1306. 

Detailed Description Text (21) : 

In step S5001,' the engine rpm Ne is captured and stored in the variable area of the 
RAM built in the control unit 1306. Next, in step S5002, intake air volume Q is 
captured and stored in the variable area of the RAM built in the control unit 1306. 
Then, in step ,S5003, cooling water temperature Tw is captured and stored in the 
variable area of the RAM built in the control unit 1306. Next, in step S5004, 
intake air temperature Ta is captured and stored in the variable area of the RAM 
built in the control unit 1306. In step S5005, air-fuel ratio A/F is captured and 
stored in the variable area of the RAM built in the control unit 1306. In step 
S5006, intake air volume Qo per revolution is calculated from the engine rpm Ne 
captured in step S5001 and the intake air volume Q captured in step S5002, and it 
is stored in the variable area of the built-in RAM. In step S5007, the intake air 
temperature correction coefficient map, which has been stored in the table area of 
the ROM built in the control unit 1306, is searched for an intake air temperature 
correction coefficient f THA according to the intake air temperature Ta captured in 
step S5004. The intake air temperature correction coefficient map is a publicly 
known one shown in FIG. 5; it is provided with the coefficients for converting the 
intake air volume detected by the intake air volume sensor 1302 to the mass per 
unit time in the form of a one-dimensional map. 

Detailed Description Text (31) : 

As in the case of the IGBT module 1413, the IGBT modules 1414 and 1415 are 
configured to drive the V-phase winding and the W-phase winding Of the first rotary 
electric unit 2000 as illustrated. The IGBT modules 1419, 1420, and 1421 are 
configured as illustrated to drive the U-phase winding, the V-phase winding, and 
the W-phase winding of the second rotary electric unit 3000. Reference numerals 
1416, 1417, 1422, and 1423 denote publicly known current sensors; they are, for 
example, clamp type or non-contact type employing Hall elements, and they 
respectively detect the currents flowing through the terminals 1403, the terminal 
1405, the terminal 1406, and the terminal 1408 and output the detection results in 
terms of voltage signals. Reference numeral 1418 denotes a publicly known gate 
driver which drives the gates of the IGBT elements incorporated in the IGBT modules 
1413, 1414, and 1415. Reference numeral 1424 denotes a publicly known gate driver 
which drives the gates of the IGBT elements incorporated in the IGBT modules 1419, 
1420, and 1421. 

Detailed Description Text (93): 

A second embodiment of the hybrid unit in accordance with the invention, which 
considers the remaining capacity of the electricity accumulating unit, will now be 
described in conjunction with FIG. 23 through FIG. 26. FIG. 23 shows a schematic 
system configuration of the invention; like reference numerals as those of the 
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first embodiment shown in FIG. 1 denote like components. In FIG. 23, a charge state 
detector 17 has been added as a charge state detecting means to the first 
embodiment; the charge state detector 17 detects a remaining capacity Soc of the 
electricity storing unit 15 and it is connected to the electricity storing unit 15. 
The charge state detector 17 calculates the remaining capacity SOC of the 
electricity storing unit 15 by a publicly known method primarily according to the 
current signal coming in and out of the electricity storing unit 15 which is 
detected by a publicly known current sensor, which is not shown, the terminal 
voltage signal of the electricity storing unit 15 which is detected by a publicly 
known voltage sensor, and the temperature signal of the electricity storing unit 15 
which is detected by a publicly known temperature sensor, and it transmits the 
calculation result to the outside. The hybrid controller 16 is connected to the 
charge state detector 17 to receive the remaining capacity SOC of the electricity e 
storing unit 15. 

Detailed Description Text (95) : 

In step S6104, the remaining capacity SOC of the electricity storing unit 15 is 
received through the communication port connected to the charge state detector 17. 
In the next step S6106, the system decides whether the remaining capacity SOC of 
the electricity storing unit 15 is smaller than a lower limit value LL; if it 
decides that SOC is smaller than the lower limit value LL (YES), then it proceeds 
to step S6112, or if it decides that the remaining capacity SOC of the electricity 
storing unit 15 is larger than the lower limit value LL (NO) , then it proceeds to 
step S6108. In step S6108, the system decides whether the remaining capacity SOC of 
the electricity storing unit 15 is larger than an upper limit value UL; if it 
decides that SOC is larger than the upper limit value UL (YES), then it proceeds to 
step S6110. In step S6108, if it decides that the remaining capacity SOC of the 
electricity storing unit 15 is smaller than the larger limit value UL (NO) , then it 
proceeds to a next step S6114 . 

Detailed Description Text (102) : 

In step S6204, the remaining capacity SOC of the electricity storing unit 15 is 
received through the communication port connected to the charge state detector 17. 
In the next step S6206, the system decides whether the remaining capacity SOC of 
the electricity storing unit 15 is smaller than the lower limit value LL; if it 
decides that SOC is smaller than the lower limit value LL (YES), then it proceeds 
to step S6212, or if it decides that the remaining capacity SOC of the electricity 
storing unit 15 is larger than the lower limit value LL (NO) , then it proceeds to 
step S6208. In step S6208, the system decides whether the remaining capacity SOC of 
the electricity storing unit 15 is larger than the upper limit value UL; if it 
decides that SOC is larger than the upper limit value UL (YES) , then it proceeds to 
step S6210. In step S6208, if the system decides that the remaining capacity SOC of 
the electricity storing unit 15 is smaller than the larger limit value UL (NO) , 
then it proceeds to the next step S6214. In step S6210, the vehicle driving power 
demand value Pv* which has been calculated in step S6202 is corrected according to 
formula 13. 

Detailed Description Text (116) : 

If the energy converting efficiency of the first and second rotary electric units 
and the inverter 14 driving them is ignored, then the energy generated at the 
engine 1 can be transmitted to the travel driving system to implement drive forward 
by supplying the electric power generated by the first rotary electric unit 2000 to 
the second rotary electric unit 3000 without drawing out electric power from the 
electricity storing unit 15. If the energy converting efficiency of the first and 
second rotary electric units and the inverter 14 driving them cannot be ignored, 
then the electric power is drawn out from the electricity storing unit 15;; 
however, the hybrid controller 16 monitors the remaining capacity SOC of the 
electricity storing- unit which has been calculated by the charge state detector 17, 
and it makes a correction by increasing the vehicle driving power demand value Pv* 
if the remaining capacity SOC is smaller than the predetermined value, or it makes 
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a correction by decreasing the vehicle driving power demand value Pv* if the 
remaining capacity Soc is larger than the predetermined value. This enables the 
vehicle to travel forward without drawing out the electric power from the 
electricity storing unit 15. 

Detailed Description Text (120): 

Referring now to FIG. 27 through FIG. 29, a third embodiment of the hybrid unit in 
accordance with the invention will be described. In the third embodiment, the 
terminal voltage VB of the electricity storing unit 15 is detected and a correction 
is made based on the detected terminal voltage VB, while the second embodiment 
detects the remaining capacity SOC of the electricity storing unit 15 and makes 
corrections for the D-range and R-range processing according to the detected 
remaining capacity SOC. The correcting procedure is basically the same as that of 
the second embodiment, so a brief description will be given below. 

Detailed Description Text (121): 

In the schematic system configuration in accordance with the invention shown in 
FIG. 27, a voltage detector 17a is employed in place of the charge state detector 
17 in the second embodiment; in the voltage detector 17a, the terminal voltage VB 
of the electricity storing unit 15 is detected by a publicly known voltage sensor, 
which is not shown, and it is transmitted outside. 

Detailed Description Text (136) : 

In the following step S5802, the vehicle driving power demand value Pv* is 
calculated. In the next step S5804A, the remaining capacity SOC of the electricity 
storing unit 15 is calculated. The remaining capacity SOC is calculated from the 
current coming in and out of the electricity storing unit 15 which is detected by a 
publicly known current sensor, not shown, the terminal voltage of the electricity 
storing unit 15 which is detected by a voltage' sensor, not shown, and the 
temperature of the electricity storing unit 15 which is detected by a temperature 
sensor, not shown. 

Detailed Description Text (164): 

Reference numerals 1911 and 1912 denote rotation sensors which are respectively. 
detect the rotational angle positions of the first rotor 1210 and the second rotor 
1310. Reference numeral 1730 denotes the end cover which surrounds the brush holder 
1610. 

Detailed Description Text (192) : 

(a) In this modification, the current flowing to the electricity storing unit 15 is 
detected and the current value is employed as a parameter to set the torque command 
value Mm2* for the second rotary electric unit 3000. In this configuration, even 
when the output torques of the rotary electric units excessively change as in the 
transient travel of a vehicle, the current value (charge state) of the electricity 
storing unit 15 remains stable. The input and output of the electric power between 
the first and second rotary electric units 2000 and 3000 are also stable. This . 
makes it possible to hold the input and output electric power of the electricity 
storing unit 15 in a balanced state, enabling the electricity storing unit 15 to be 
maintained in the normal state for an extended period of time. In other words, the 
deterioration or damage of the electricity storing unit 15 can be restrained. 

Detailed Description Text (198): 

* The terminal voltage of the electricity storing unit 15 is adopted as the 
parameter indicating the charge state of the electricity storing unit 15. In this 
case, a charge state detecting means is configured by a publicly known voltage 
detector. In step S5207 of FIG. 11 carried out by the inverter 14, the torque 
command value Mm2* of the second rotary electric unit 3000 is corrected so that the 
aforesaid voltage value reaches a predetermined tolerance (e.g. 288 volts of rated 
voltage) . 
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Detailed Description Text (199) : 

* The electric power supplied by the electricity storing unit 15 is adopted as the 
parameter indicating the charge state of the electricity storing unit 15. In this 
case, a charge state detecting means is configured by a publicly known electric 
power detector . In step S5207 of FIG. 11 which is carried out by the inverter 14, 
the torque command value Mm2* of the second rotary electric unit 3000 is corrected 
so that the aforesaid electric power reaches a predetermined tolerance (e.g. 0 
watt) . 

Detailed Description Text (200) : 

* The remaining capacity of the electricity storing unit 15 is adopted as the 
parameter indicating the charge state of the electricity storing unit. 
Incidentally, the remaining capacity is detected by a remaining capacity detector 
serving as the charge state detecting means and calculated by a publicly known 
method according to the current signal of the electricity storing unit 15 which is 
detected by a publicly known current sensor, the terminal voltage signal of the 
electricity storing unit 15 which is detected by a publicly known voltage sensor, 
and the temperature signal of the electricity storing unit 15 which is detected by 
a publicly known temperature sensor. And in step S5207 of FIG. 11 implemented by 
the inverter 14, the torque command value Mm2* of the second rotary electric unit 
3000 is corrected so that the foregoing remaining capacity is within a 
predetermined permissible range (e.g. 60 to 80%) . 

Detailed Description Text (228): 

Incidentally, in this embodiment, the program shown in FIG. 52 which is executed by 
the control unit 1630 of the hybrid controller 16 corresponds to the transient 
state detecting means described in the appended claims, and the program shown in 
FIG. 53 corresponds to the torque correcting means. The programs shown in FIG. 52 
and FIG. 53 make up the fuel cutoff instructing means. Further, the control unit 
1630 of the hybrid controller 16 (the programs of Figs, 15, 16, and 48 through 51) 
constitutes the torque control amount calculating means, and the control unit 1306 
(the program of FIG. 5) of the engine controller 13 constitutes the target rpm 
calculating means. 

Detailed Description Text (240) : 

(a) In this embodiment, the vehicle transient state corresponding to the 
acceleration or deceleration of a vehicle is detected, and the torque command 
values Mml* and Mm2* for the first and second rotary electric units 2000 and 3000 
have been corrected by increasing or decreasing them in accordance with the 
detection result of the foregoing transient state. Hence, even in the transient 
drive phase of the engine 1, the problems such as worsened emission or accidental 
drop in engine output can be solved. As a result, an engine output in exact 
accordance with the requirement can be obtained, fulfilling an object to improve 
the responsiveness of the engine 1. 

Detailed Description Text (242) : 

(c) Further in this embodiment, the vehicle driving power demand value Pv* 
indicative of the torque control amount and the engine rpm command value Ne* 
indicative of the target rpm are employed for determining the transient state of 
the vehicle. This enables accurate transient judgment for making corrections by 
increasing or decreasing the torque command values Mml* and Mm2* for the first and 
second rotary electric units 2000 and 3000, thus permitting accurate corrections 
made by increasing or decreasing the torque command values Mml* and Mm2* according 
to the detection result. 

Detailed Description Text (247): 

To detect the transient drive state of the vehicle, the foregoing embodiment has 
been adapted to compare the acceleration or deceleration amount . DELTA. Pv* (=Pv*- 
Pv*i) based on the vehicle driving power demand value Pv* with the predetermined 
judgment value . DELTA. Po to make a decision (steps S6104B and S6110B of FIG. 52) 
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and also to judge the converging level of the deviation in the engine speed (=Ne*- 
Ne) (step S6200A of FIG. 53) - This system, however, may be modified. For instance, 
the transient drive state may be judged only by the acceleration or deceleration 
amount . DELTA. Pv* based on the vehicle driving power demand value Pv*, or the 
vehicle driving torque command value Mv* may be employed in place of the vehicle 
driving power demand value Pv* . In brief, any system may be used as long as the 
vehicle driving power demand value Pv* and the vehicle driving torque command value 
Mv* as the torque control amount, or the engine rpm command value Ne* as the target 
rpm is employed. More broadly, the transient drive state may be detected from the 
operating amount of the accelerator pedal or the operating amount of the brake 
pedal. 

Detailed Description Text (249) : 

Another embodiment of the present invention will now be described in conjunction 
with FIGS. 54, 55, 56, and 57. FIG. 54 shows the outline of the embodiment for a 
hybrid vehicle control system in accordance with the invention; the configuration 
of this embodiment differs from the one shown in FIG. 1 in that the merging section 
of an exhaust pipe 18 of the engine 1 is provided with a publicly known catalytic 
converter rhodium 19. A heater 19a which performs heating from the electric power 
supplied from the electricity storing unit 15 is attached to the catalytic 
converter rhodium 19. In the control system, a remaining capacity detector 17b 
serving as the charge state detecting means is provided between the inverter 14 and 
the electricity storing unit 15. The remaining capacity detector 17b calculates the 
remaining capacity SOC primarily according to the current signal of the electricity 
storing unit 15 which is detected by a publicly known current sensor, the terminal 
voltage signal of the electricity storing unit 15 which is detected by a publicly 
known voltage sensor, and the temperature signal of the electricity storing unit 15 
which is detected by a publicly known temperature sensor, and it transmits the 
calculation result to the hybrid controller 16. The remaining capacity detector 17b 
in this embodiment detects the terminal voltage VB of the electricity storing unit 
15 and sends the detecting result to the hybrid controller 16, in addition to 
calculating the remaining capacity SOC. 

Detailed Description Text (253) : 

The heater control of the catalytic converter rhodium 19 will now be described. The 
control unit 1630 of the hybrid controller 16 employs the chart shown in FIG. 57 to 
execute the heater control program of the catalytic converter rhodium 19. This 
program is adapted to be triggered by a timer interrupt at predetermined time 
intervals; after it is initiated, the system first judges in step S6100C whether 
the terminal voltage VB of the electricity storing unit 15 detected by the 
remaining capacity detector 17b shown in FIG. 54 exceeds a predetermined level (288 
volts of the rated voltage in this embodiment), then in the following step S6102C, 
the system also determines whether the remaining capacity SOC of the electricity 
storing unit 15 detected by the remaining capacity detector 17b exceeds a 
predetermined level (70% in this embodiment) . Alternatively, the determination 
processing of only step S6100C or S6102C may be implemented. Further in step 
S6104C, the system determines whether the vehicle driving power demand value Pv* is 
a negative value (minus value) . 

Detailed Description Text (256) : 

In this embodiment, the fuel injection controlling means is configured by the 
program of FIG. 4 executed by the engine controller 13; and a brake state detecting 
means (step S5105 in the same drawing) and a fuel injection operation means are 
configured by the program of FIG. 55. -The program of FIG. 57 executed by the hybrid 
controller 16 constitutes the heater controlling means. 

Detailed Description Text (268): 

(d) Further, this embodiment is adapted to detect the charge state of the 
electricity storing unit 15 by detecting the terminal voltage VB of the electricity 
storing unit 15 and the remaining capacity SOC. Therefore, the charge state of the 
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electricity storing unit 15 can be accurately grasped, allowing the advantages 
previously described to be achieved easily and accurately. 

Detailed Description Text (278) : 

In the calculation of the first torque command value Mml* in step S5604 of FIG. 58, 
the value detected as the actual engine rpm Ne is subjected to the band-stop 
filter, so that the frequency band related to the engine torque ripple is 
restricted (step S5603) . And the Mml* value is calculated using the Ne value with 
the restricted frequency. 

Detailed Description Text (289) : 

FIG. 59 is a diagram showing a modified example of the first embodiment shown in 
FIG. 1. The modified example is different from the one shown in FIG. 1 in the 
following point: a publicly known current sensor 18B for measuring the current 
flowing to the electricity storing unit 15, and a publicly known voltage detector 
19B for measuring the terminal voltage of the electricity storing unit 15 are 
connected to the hybrid controller 16, and the detection results given by these 
sensors, etc. are applied to the hybrid controller 16. 

Detailed Description Text (296) : 

FIG. 62 shows a modified example of the one shown in FIG. 13 in the first 
embodiment. The modified example is different from the one shown in FIG. 13 in that 
the current sensor 18B is connected to an input terminal 1606 and the current 
signals of the electricity storing unit 15 are applied to the terminal 1606. 
Connected to the input terminal 1607 is the voltage detector 19B; the voltage 
signals of the electricity storing unit 15 are applied to the terminal 1607. 

Detailed Description Text (297): 

The flowchart of FIG. 63 is a modified example of the one shown in FIG. 14 in the 
first embodiment. The modified example is different from the one shown in FIG. 14 
in that the system proceeds to step S5433 after implementing the D-range processing 
in step S5432, and it carries out the processing for detecting the system state 
(the processing shown in FIG. 64), which will be discussed later, in step S5433. 

Detailed Description Text (298): 

The system state detecting processing of step S5433 in the program shown in FIG. 63 
will now be described with reference to the flowchart of FIG. 64. In the system 
state detecting processing, first in step S6100D, the electric power (hereinafter 
referred to as "battery power Pb") moving in or out of the electricity storing unit 
(main battery) 15 is calculated, and the calculation result is stored in the 
variable area of the RAM built in the control unit 1630. The procedure for 
calculating the Pb value will be discussed later. 

Detailed Description Text (301): 

where the left side of the above inequality corresponds to the Pdev value. The 
threshold value Const. 1 is a constant used for controlling the vehicle according 
to the measurement errors of various sensors including the current sensor 18B and 
the voltage detector 19B and the state of the system; the value thereof is preset. 

Detailed Description Text (310) : 

The system state detection in the operation of this embodiment will now be 
described. First, the electric power balance Pdev of the entire system is 
determined from the battery power Pb, the electric power balance Pm of the first 
and second rotary electric units 2000 and 3000, and the losses Pdl and Pd2 of the 
inverter and the rotary electric units (formula 32 shown below) : 

Detailed Description Text (311) : 

This Pdev value is compared with predetermined threshold values (steps S6106D and 
S6108D of FIG. 64). In this case, a plurality of threshold values are set to 
achieve vehicle control according to the measurement errors of various sensors 
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including the current sensor 18B and the voltage detector 19B and the system state. 
To be more specific, two threshold values, namely, Const. 1 and Const. 2, are set; it 
is determined whether the control system state is in the normal mode, a vehicle 
output limit mode, or a vehicle stop mode according to the Pdev value. 

Detailed Description Text (315) : 

If Const.l.ltoreq.Pdev<Const.2 (if "NO" in step S6106D and "YES" in step S6108D) , 
it is determined that some minor failure is present although no serious failure has 
occurred in the control system. And an alarm is given to a passenger of the 
vehicle, the inflow or outflow of electric power to or from the battery is 
restricted, and the output torque of second rotary electric unit 3000 is restricted 
(step S6112D) . It is determined that a failure has taken place in this mode if, for 
example, a sensor gain drops with a consequent detection error. In this case, the 
vehicle is pulled over or headed to a body shop, with vehicle output restricted. 

Detailed Description Text (328) : 

(3) Torque sensors (torque detecting means) composed of strain gauges are provided 
on the output shafts of the first and second rotary electric units 2000 and 3000, 
and the electric power balance Pm is calculated from the detection results of the 
torque sensors. Any of the configurations described in (1) through (3) permits 
proper monitoring of the system. Moreover, the calculation results obtained by the 
foregoing techniques correspond to the drive information of the actual machine, so 
that the accuracy of monitoring the control system is improved. 

Detailed Description Text (341) : 

In the above embodiment-, the processing of detecting the system state for 
constituting the failure detecting means (step S5433 of FIG. 63, and FIG. 64) has 
been implemented by the hybrid controller 16; this configuration, however, may be 
modified. For instance, a microcomputer for monitoring the system may be used, and 
the processing of detecting the" system state may be carried out by the 
microcomputer . 

Detailed Description Text (377) : 

Yet another embodiment of the present invention will now be described in 
conjunction with FIGS. 59, 72 through 78. This embodiment has been modified over 
the previous embodiment, the configuration of which is shown in FIG. 59; hence, the 
schematic configuration of this embodiment will be first described with reference 
to FIG. 59. The hybrid controller 16 receives the output signal of the voltage 40 
detector 19 for detecting the voltage of the electricity storing unit 15, and the 
output signal of the current sensor 18B for detecting the current going out of the 
electricity storing unit 15. The voltage detection result, i.e. the terminal 
voltage signal (VB) of the electricity storing unit 15, and the current detection 
result, i.e. a current signal (IB) going in and out of the electricity storing unit 
15, are supplied to the hybrid controller 16. Also, the detection result given by a 
publicly known temperature sensor, not shown, i.e. a temperature signal (TB) of the 
electricity storing unit 15 is supplied to the hybrid controller 16. 

Detailed Description Text (380) : 

FIG. 75 shows the hybrid controller in this embodiment which is different from the 
one shown in FIG. 13 in the first embodiment as follows: a communication section- 
1660 which shares the same configuration as the communication section 1640 or 1650 
is provided between the control unit 1630 and the communication terminal 1606. The 
communication terminal 1606 is connected to an electricity storing unit monitoring 
means 15A. The electricity storing unit monitoring means 15A is a generic term for 
the voltage detector 19B, the current sensor 18B, and the temperature sensor, not 
shown, mentioned above. The voltage signal (VB) of the electricity storing unit 15, 
the current signal (IB), and the temperature signal (TB) are supplied to the hybrid 
controller 16. 

CLAIMS : 



http://westbrs:9000ftin/gate.ex^ 6/30/06 



Record Display Form 



Page 10 of 12 



3. A controller for a hybrid vehicle according to claim 1, further comprising: 

charge state detecting means for detecting the charge state of said electricity 
storing means; and 

command data setting means for setting a torque command value for said second 
rotary electric unit or a target rpm of said engine, using said charge state of 
said electricity storing means as a parameter. 

4. A controller for a hybrid vehicle according to claim 3, wherein: 

said charge state detecting means detects the voltage, current, power, or remaining 
capacity of said electricity storing unit; and 

said command data setting means sets the torque command value of said second rotary 
electric unit such that the voltage, current, power, or remaining capacity of said 
electricity storing unit remains constant or stays in a predetermined permissible 
range . 

5. A controller for a hybrid vehicle according to claim 3, wherein: 

said charge state detecting means detects the voltage, current, power, or remaining 
capacity of said electricity storing unit; and 

said command data setting means sets the target rpm of said engine such that the 
voltage, current, power, or remaining capacity of said electricity storing unit 
remains constant or stays in a predetermined permissible range. 

9. A controller for a hybrid vehicle according to claim 8, comprising: 

charge state detecting means for detecting the charge state of said electricity 
storing unit; 

wherein said heater controlling means energizes and heats said heater when only the 
charge state of said electricity storing unit reaches a predetermined charge level. 



10. A controller for a hybrid vehicle according to claim 9, wherein said charge 
state detecting means detects the voltage or the remaining capacity or said 
electricity storing unit. 

21. A controller or system for a hybrid vehicle according to any one of claims 1 to 
20, further comprising charge state detecting means for detecting the charge state 
of said electricity storing means; wherein said hybrid controller increases or 
decreases at least said vehicle driving torque command value, said power demand 
value, or said engine rpm command value to make a correction according to the 
charge state information on the electricity storing means supplied by the charge 
state detecting means . 

22. A control system for a hybrid vehicle according to claim 20, further comprising 
voltage detecting means for detecting the voltage of said electricity storing 
means; wherein said hybrid controller increases or decreases at least said vehicle 
driving torque command value, said power demand value, or said internal-combustion 
engine rpm command to make a correction in order to maintain said electricity 
storing means at a predetermined voltage at all times according to the voltage of 
the electricity storing means detected by the voltage detecting means. 

33. A controller for a hybrid vehicle according to claim 32, further including 
remaining capacity detecting means for detecting the remaining capacity of said 
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electricity storing unit; 

wherein, if the remaining capacity of said electricity storing unit falls to a 
predetermined value or lower, then said hybrid controller corrects said vehicle 
driving power demand value or said vehicle driving torque command value or said 
engine rpm command value to at least maintain said remaining capacity. 

34 . A controller for a hybrid vehicle applied to a hybrid vehicle provided with an 
engine, power converting means which is connected to the engine and which includes 
a first rotary electric unit for deciding engine rpm and a second rotary electric 
unit for deciding the driving force of the vehicle, an inverter for driving said 
first and second rotary electric units, and an electricity storing unit 
electrically connected to the inverter; 

wherein the output torque of said engine, is controlled according to vehicular drive 
information, and the torque values for said first and second rotary electric units 
are controlled according to the torque control amount and the target rpm of said 
engine corresponding to the characteristics of said engine; 

said controller for a hybrid vehicle comprising: 

transient state detecting means for detecting a vehicle transient state 
corresponding to the acceleration or deceleration of the vehicle; and 

torque correcting means which corrects the torque command value for said first 
rotary electric unit by decreasing it and also corrects the torque command value 
for said second rotary electric unit by increasing it if the vehicle is being 
accelerated, while it corrects the torque command value for said first rotary 
electric unit by increasing it and also corrects the torque command value for said 
second rotary electric unit by decreasing it if the vehicle is being decelerated, 
according to a detection result of said transient state. 

36. A controller for a hybrid vehicle according to claim 34 or 35, comprising 
torque control amount calculating means for calculating the torque control amount 
based on vehicular drive information; 

wherein said transient state detecting means detects that the vehicle is being 
accelerated if said calculated torque control amount exceeds a predetermined 
judgment value and shifts to an increase, while it detects that the vehicle is 
being decelerated if said calculated torque control amount exceeds the judgment 
value and shifts to a decrease. 

38. A controller for a hybrid vehicle according to claim 34 or claim 35, 
comprising: 

target rpm calculating means for calculating the target rpm of said engine 
according to the vehicle drive state, the torque value of said first rotary 
electric unit being controlled according to the difference between the calculated 
target rpm of the engine and an actual engine rpm; 

wherein said transient state detecting means detects that the vehicle is being 
accelerated if said calculated target rpm of the engine exceeds a predetermined 
judgment value and shifts to an increase, while it detects that the vehicle is 
being decelerated if said calculated target rpm of the engine exceeds the judgment 
value and shifts to a decrease. 

50. A controller for a hybrid vehicle according to claim 48, wherein the electric 
power' balance in said first and second rotary electric units is calculated from the 
output torque values and rpms of the respective rotary electric units obtained from 
torque detecting means or torque estimating means. 
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ATTY-AGENT-FIRM: Pillsbury Madison & Sutro LLP 



ABSTRACT : 

A gas-sparing vehicle is achieved by a control system for a hybrid vehicle equipped 
at least with: a hybrid engine which includes at least a first rotary electric unit 
for deciding the rpm of the engine and a second rotary electric unit for deciding 
the driving force of the vehicle and which has power converting means connected to 
the output shaft of the engine; and electricity storing means. In one embodiment, a 
hybrid controller 16 controls the drive of a first rotary electric unit 2000 
according to a startup torque command value which is decided based on the rpm of an 
engine at the time of engine startup and which decreases as the rpm increases; it 
also determines that the complete explosion in an engine 1 has occurred when the 
startup torque command value falls below a predetermined complete explosion 
judgment value . 

58 Claims, 87 Drawing figures 
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INVENTOR (6) : 
Qbayashi ; Kazuyoshi 

Inventor Group ( 6 ) : 

Qbayashi ; Kazuyoshi Kariya JP 

Brief Summary Text (20) : 

According to the system set forth in claim 6, when a vehicle is driven under high 
load in such a case as starting the vehicle or climbing a slope and energy is 
brought out transiently from the electricity storing means, the voltage for keeping 
the electricity storing unit fully or almost fully charged is maintained. 
Therefore, such a problem as the failure to fully provide the expected driving 
performance due to insufficient driving power of the vehicle will no longer arise. 



Brief Summary Text (28) : 

The configuration described above makes it possible to maintain good torque balance 
between the engine and the rotary electric units at the time of engine startup, 
enabling stable vehicle behavior. As a result, such an inconvenience, in which the 
torque of the first rotary electric unit (first motor ) acts as a reaction force on 
the driving shaft of the vehicle to cause the vehicle to move forward or backward 
or the engine rpm to go up excessively at the completion of the engine startup, can 
be controlled. 



Drawing Description Text (35) : 

FIG. 33 is an axial sectional view illustrative of an embodiment of a load driving 
unit constituting a power converting means which has a first rotary electric unit 
and a second rotary electric unit of a hybrid vehicle controller in accordance with 
the present invention; 

Detailed Description Text (155) : 

Reference numeral 700 denotes a driving wheel composed primarily of a load output 
vehicle tire or the like. A joint and a decelerator (including a speed increaser) , 
which are extensively used for typical vehicles driven by internal-combustion 
engines, and other components are provided between the engine 100 and the T-S 
converter 1000; however, they are not illustrated in the embodiment. Likewise, a' 
decelerator 800, a differential gear 900, etc. are provided between the T-S 
converter 1000 and the driving wheel 700. 

Detailed Description Text (265) : 

(a) In this embodiment, it is determined that the vehicle is in the brake state 
when the vehicle driving power demand value Pv* (the torque control amount of the 
engine) is a negative value, and the fuel is cut off while the vehicle is being 
braked. This reduces the engine output torque, and the engine 1 becomes the load of 
the first and second rotary electric units 2000 and 3000, causing the excess energy 
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5 generated during the brake state of the vehicle to be consumed by the first and 
second rotary electric units 2000 and 3000. Thus, such problems as overcharge of 
the electricity storing unit 15 can be avoided, protecting the electricity storing 
unit 15. Moreover, the inertial energy of the vehicle during the brake is absorbed 
by the engine 1, so that the operating efficiency of the engine 1 can be improved, 
leading to advantages including improved fuel economy and reduced emission. 

Detailed Description Text (288): 

Yet another embodiment of the present invention will be described in conjunction 
with FIG. 59 through FIG. 65. In this embodiment, the output torque of the engine 
is controlled according to the vehicle drive information such as the information on 
the operation of the accelerator pedal, brake pedal, and shift lever, and the 
values of the torques to be generated by the first and second rotary electric units 
are controlled according to the torque control amount (vehicle driving power demand 
value Pv*, vehicle driving torque command value Mv*) in the foregoing control of 
the engine output torque and also according to the target rpm of the engine (engine 
rpm command value Ne*) corresponding to the engine characteristics. Further in this 
embodiment, the balance of the energy in the hybrid control system is calculated 
from first information on the electricity storing unit and second information on 
the first and second rotary electric units. Based on the calculated balance of the 
energy, it is determined whether there is any abnormal condition in the hybrid 
control system. The hybrid control system mainly includes, for example, the first 
and second rotary electric units, the inverter, the electricity storing unit, and 
the various controllers governing the hybrid control. The balance of the energy is 
obtained from various types of information on the electricity storing unit and the 
first and second rotary electric units. 

Detailed Description Text (373) : 

(a) In this embodiment, the startup torque command value Msta* based on the engine 
startup state is read and set as the first torque command value Mml* at the 
beginning of the startup of the engine 1, and the second torque command value Mm2* 
is set such that the sum of this value and the first torque command value Mml* is 
"0" (Mml*+Mm2*=0) . This makes it possible to maintain a good torque balance between 
the engine 1 and the first and second rotary electric units 2000 and 3000 at the 
engine startup, thus permitting stable behavior of the vehicle. As a result, such 
problems with a conventional system, in which the torque of the first rotating 
electric unit (the first motor ) 2000 acts as a reaction force to the driving shaft 
of the vehicle, causing the vehicle to go forward or reverse, or the engine rpm 
increases excessively before the startup of the engine 1 is completed, can be 
solved. In this embodiment, the engine startup state corresponds to the engine rpm 
before the startup is completed. 

Detailed Description Text (453) : 

(d) The startup torque command value Msta* is read and set as the first torque 
command value Mml* at the beginning of the startup of the engine 1, and the second 
torque command value Mm2* is set such that the sum thereof and the set first torque 
command value Mml* becomes "0" (Mml*+Mm2*=0 ) . In this case, it is possible to 
maintain good torque balance between the engine 1 and the first and second rotary 
electric units 2000 and 3000, respectively, at the time of engine startup, enabling 
stable vehicle behavior. As a result, such an inconvenience, in which the torque of 
the first rotary electric unit (first motor ) 2000 acts as a reaction • force on the 
driving shaft of the vehicle to cause the vehicle to move forward or backward or 
the engine rpm to go up excessively at the startup completion of the engine 1, can 
be controlled. 

CLAIMS: 

2. A controller for a hybrid vehicle according to claim 1, wherein: said power 
converting means comprises a housing, relatively rotatable first and second rotors 
which are placed in said housing and which transmit a torque from said engine to a 
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load output, and a stator secured to said housing; said second rotor comprises a 
first magnetic circuit which performs mutual electromagnetic action by rotary drive 
relative to said first rotor and a second magnetic circuit which performs mutual 
electromagnetic action by rotary drive relative to said stator; said first rotor is 
provided with a first coil which makes it possible to control, by energization, the 
relative angular velocity and the torque with respect to said second rotor so as to 
constitute a first rotary electric unit together with said first magnetic circuit, 
and said stator is provided with a second coil which makes it possible to control, 
by energization, the relative velocity and the torque with respect to said second 
rotor so as to constitute a second rotary electric unit together with said second 
magnetic circuit; either said first rotor or said second rotor is joined to said 
engine and rotationally driven as said engine is driven, while the other rotor is 
joined to said load output; said first rotor and second rotor, and stator are 
disposed concentrically; said second rotor is disposed inside said stator, while 
said first rotor is disposed inside said second rotor, a magnetic pole of said 
second rotor being composed of a permanent magnet; and an input shaft coupled to 
said engine in said first rotor and said second rotor and an output shaft coupled 
to the load output are disposed on the same side of said housing. 
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ABSTRACT: 

A gas-sparing vehicle is achieved by a control system for a hybrid vehicle equipped 
at least with: a hybrid engine which includes at least a first rotary electric unit 
for deciding the rpm of the engine and a second rotary electric unit for deciding 
the driving force of the vehicle and which has power converting means connected to 
the output shaft of the engine; and electricity storing means. In one embodiment , a 
hybrid controller 16 controls the drive of a first rotary electric unit 2000 
according to a startup torque command value which is decided based on the rpm of an 
engine at the time of engine startup and which decreases as the rpm increases; it 
also determines that the complete explosion in an engine 1 has occurred when the 
startup torque command value falls below a predetermined complete explosion 
judgment value. 

58 Claims, 87 Drawing figures 
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INVENTOR (6) : 
Qbayashi ; Kazuyoshi 

Inventor Group (6) : 

Qbayashi ; Kazuyoshi Kariya JP 

Brief Summary Text (20) : 

According to the system set forth in claim 6, when a vehicle is driven under high 
load in such a case as starting the vehicle or climbing a slope and energy is 
brought out transiently from the electricity storing means, the voltage for keeping 
the electricity storing unit fully or almost fully charged is maintained. 
Therefore, such a problem as the failure to fully provide the expected driving 
performance due to insufficient driving power of the vehicle will no longer arise. 

Brief Summary Text (28) : 

The configuration described above makes it possible to maintain good torque balance 
between the engine and the rotary electric units at the time of engine startup, 
enabling stable vehicle behavior. As a result, such an inconvenience, in which the 
torque of the first rotary electric unit (first motor ) acts as a reaction force on 
the driving shaft of the vehicle to cause the vehicle to move forward or backward 
or the engine rpm to go up excessively at the completion of the engine startup, can 
be controlled. 

Drawing Description Text (35) : 

FIG. 33 is an axial sectional view illustrative of an embodiment of a load driving 
unit constituting a power converting means which has a first rotary electric unit 
and a second rotary electric unit of a hybrid vehicle controller in accordance with 
the present invention; 

Detailed Description Text (155) : 

Reference numeral 700 denotes a driving wheel composed primarily of a load output 
vehicle tire or the like. A joint and a decelerator (including a speed increaser) , 
which are extensively used for typical vehicles driven by internal-combustion 
engines, and other components are provided between the engine 100 and the T-S 
converter 1000; however, they are not illustrated in the embodiment. Likewise, a 
decelerator 800, a differential gear 900, etc. are provided between the T-S 
converter 1000 and the driving wheel 700. 

Detailed Description Text (265) : 

(a) In this embodiment, it is determined that the vehicle is in the brake state 
when the vehicle driving power demand value Pv* (the torque control amount of the 
engine) is a negative value, and the fuel is cut off while the vehicle is being 
braked. This reduces the engine output torque, and the engine 1 becomes the load of 
the first and second rotary electric units 2000 and 3000, causing the excess energy 
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5 generated during the brake state of the vehicle to be consumed by the first and 
second rotary electric units 2000 and 3000. Thus, such problems as overcharge of 
the electricity storing unit 15 can be avoided, protecting the electricity storing 
unit 15. Moreover, the inertial energy of the vehicle during the brake is absorbed 
by the engine 1, so that the operating efficiency of the engine 1 can be improved, 
leading to advantages including improved fuel economy and reduced emission. 

Detailed Description Text (288) : 

Yet another embodiment of the present invention will be described in conjunction 
with FIG . 59 through FIG. 65. In this embodiment, the output torque of the engine 
is controlled according to the vehicle drive information such as the information on 
the operation of the accelerator pedal, brake pedal, and shift lever, and the 
values of the torques to be generated by the first and second rotary electric units 
are controlled according to the torque control amount (vehicle driving power demand 
value Pv*, vehicle driving torque command value Mv*) in the foregoing control of 
the engine output torque and also according to the target rpm of the engine (engine 
rpm command value Ne*) corresponding to the engine characteristics. Further in this 
embodiment, the balance of the energy in the hybrid control system is calculated 
from first information on the electricity storing unit and second information on 
the first and second rotary electric units. Based on the calculated balance of the 
energy, it is determined whether there is any abnormal condition in the hybrid 
control system. The hybrid control system mainly includes, for example, the first 
and second rotary electric units, the inverter, the electricity storing unit, and 
the various controllers governing the hybrid control. The balance of the energy is 
obtained from various types of information on the electricity storing unit and the 
first and second rotary electric units. 

Detailed Description Text (373) : 

(a) In this embodiment, the startup torque command value Msta* based on the engine 
startup state is read and set as the first torque command value Mml* at the 
beginning of the startup of the engine 1, and the second torque command value Mm2* 
is set such that the sum of this value and the first torque command value Mml* is 
"0" (Mml*+Mm2*=0) . This makes it possible to maintain a good torque balance between 
the engine 1 and the first and second rotary electric units 2000 and 3000 at the 
engine startup, thus permitting stable behavior of the vehicle. As a result, such 
problems with a conventional system, in which the torque of the first rotating 
electric unit (the first motor ) 2000 acts as a reaction force to the driving shaft 
of the vehicle, causing the vehicle to go forward or reverse, or the engine rpm 
increases excessively before the startup of the engine 1 is completed, can be 
solved. In this embodiment, the engine startup state corresponds to the engine rpm 
before the startup is completed. 

Detailed Description Text (453) : 

(d) The startup torque command value Msta* is read and set as the first torque 
command value Mml* at the beginning of the startup of the engine 1, and the second 
torque command value Mm2* is set such that the sum thereof and the set first torque 
command value Mml* becomes "0" (Mml*+Mm2*=0) . In this case, it is possible to 
maintain good torque balance between the engine 1 and the first and second rotary 
electric units 2000 and 3000, respectively, at the time of engine startup, enabling 
stable vehicle behavior. As a result, such an inconvenience, in which the torque of 
the first rotary electric unit (first motor ) 2000 acts as a reaction force on the 
driving shaft of the vehicle to cause the vehicle to move forward or backward or 
the engine rpm to go up excessively at the startup completion of the engine 1, can 
be controlled. 

CLAIMS: 

2. A controller for a hybrid vehicle according to claim 1, wherein: said power 
converting means comprises a housing, relatively rotatable first and second rotors 
which are placed in said housing and which transmit a torque from said engine to a 
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load output, and a stator secured to said housing; said second rotor comprises a 
first magnetic circuit which performs mutual electromagnetic action by rotary drive 
relative to said first rotor and a second magnetic circuit which performs mutual 
electromagnetic action by rotary drive relative to said stator; said first rotor is 
provided with a first coil which makes it possible to control, by energization, the 
relative angular velocity and the torque with respect to said second rotor so as to 
constitute a first rotary electric unit together with said first magnetic circuit, 
and said stator is provided with a second coil which makes it possible to control, 
by energization, the relative velocity and the torque with respect to said second 
rotor so as to constitute a second rotary electric unit together with said second 
magnetic circuit; either said first rotor or said second rotor is joined to said 
engine and rotationally driven as said engine is driven, while the other rotor is 
joined to said load output; said first rotor and second rotor, and stator are 
disposed concentrically; said second rotor is disposed inside said stator, while 
said first rotor is disposed inside said second rotor, a magnetic pole of said 
second rotor being composed of a permanent magnet; and an input shaft coupled to 
said engine in said first rotor and said second rotor and an output shaft coupled 
to the load output are disposed on the same side of said housing. 
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